PACCAR .

Law Capanmait

November 13, 2002

SENT Vi4 AIRBORNE EXPRESS : 2,

Richard Boyd, Chief Ty
Medium and Heevy Vehicle Division “
Qffice of Defects Investigation _ o
National Highway Traffic Safety Administration Lg
400 Seventh Street, S.W. [
Washington, D.C. 20590

Re: NVS8-214gth

PEDN2-060 & 061
_.—l-#-—'--

Dear Mr, Boyd:

PACCAR Inc (PACCAR) submits the following responses to the Information Request {dentified
ahove. Responses io each specific request contain information from Peterbilt Motors Company
and Kenworth Truck Company. Peterbilt and Kenworth are unincorporated divisions of
PACCAR. ThusmtudhumtufthﬁmquastsistnpmﬁdainfomaﬁmMPACCAR's
m:pedmregﬂrdiﬂgﬂﬂmmﬁngcoﬂusim )

1. Provide the number of “individually-instailed” ABS tone rings by supplier that PACCAR
' hnhusinmuodhoﬁginaluquipmuﬂmhjmtvnhidssbywhiﬂemudelandymuf
vehicle production since 1996,

Response:
There ars none. PACCAR does not install “individuaily-installed” ABS tonc tings in any
of the subject vehicles it meanufpcihures.

2. Provide the munber of compleints, claims, reports or incidents ovcurring in a vehicle
cquipped with aindividnally-installed” ABS tone rings reported to PACCAR Ine from all
sources of which PACCAR Inc is aware and which relats, or could relate, to the alleged
defect in the subject vehicles inclading, but not limited to:

a. ownet/fleet complaints (fleet complaints shonld indicate qty of vehicles affected
al the complaining flest, not the munber of fleets reporting an issue);

b. warranty claims;

& field reports;

d. crashfincident ciaims,

€. subrogation claims;

f. lawsuits; and

. 7356
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g third-party arbitration proceedings (where PACCAR Inc is a party 1o the
arbitration),

Fmemhsunhmmplainhchim,mportmimidmidmﬁﬁedabaw,plmmpmﬁdcﬂm

a. VIN
b. For the “Individually-Installcd” tone ring, identify
1. Ihepartnumbﬂmddmﬁpﬁunonﬂn“individually—in.'staﬂud"tnne
ring component and
2, Thcuumpmymma,addmn,mdmtactnmeufthcmpﬂemfthn
vehicle’s tone ring eomponent.
C. For the Anti-Lock Brake System (ABS), identify
1. Thsepnrtmmbw,nm:,urdﬁuipﬁmafﬂmanﬁ-lunkhaknsﬁtcm
(ABS) installed and
2. Theuumpmynama,addreﬁ,andmntmtmmenfthamppliﬂufﬁw
vehicle’s anti-lock breke system (ABS}.

Re : -
Not epplicable, sce response to 1.

3. Pmﬁdaasmmrofth&numhmnf‘hmsdTmRingCunpomu”by:uppﬁar
that PACCAR Inc has installed in original equipment subject vehicles by year of vehicle

procluction since 1996.
Respanse:
All of the subject vehicles manufactured by Peterbiit and Kenworth have Gunite Hub
assemblies with integral tome rings.
Peterbilt Kemworth
'06-"99 0 0
2000 33 0
2001 32 44 .
2002 125 132

4, Pmﬁdaﬂ:emmbﬂufumnplainm,daims,mpnmormnidmmmavehiﬂa
equipped with “Tmtegrated Tone Ring Components™ ABS tone rings reported to PACCAR
Ine from all sowrces of which PACCAR Inc is aware and which relate, or could relate, {0
the a]]egeddefentinﬂwsubjectwhiclesinnhsding,butnutlimitﬁdto:

B. ownerfleet complaints (fleet complaints shauld indicate gty of vehicles affected
' atthecmnplaj:ﬁngﬂeet,nutthenumhernfﬂwtsrepntﬁnamim);
b. warranty ¢laima,
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field reports;

crmshfincident claims;

subrogation claims;

lawsuits; and

third-party arbitration proceedings (where PACCAR Ine is a party to the
arbitration).

mme R

For each incident of the alleged defect occurring in a vehicle equipped with an

“Integrated Tone Ring Component” reported to PACCAR Inc, plaaseprmdathn
following information:

B. VIN
b. For the “Integrated Tome Ring Compoment,” identify
1. The part mmber and description on the “Integrated Tone Ring
Companent” and
2, Thammpunynmne,addmss.mdnuntmtnmufﬂwmpli&rofthe
“Iniegrated Tone Ring Component.”
c. For the Anti-Lock Brake System (ABS), identify
1. The part number, nm,mdencnpﬁnnofﬂnm-lmkbmkes;rstem
(ABS) installed and
2. The company name, address, and contact name: of the supplier of the
vehicle’s anti-Jock brake system (ABS).

Response:
Kenworth and Peterbilt have not received any warranty claims, ownet/fleet complaints,
field reports, claims, or notifications from any source with regard to tone ring comrosion.

5. Proudenmpyofmymummchnmﬂhﬂhuns,adwm,mmhercnmnmmm
to dealers, zone offices, or ficld offices that PACCAR Inc has issued pertaining to the
alleged defect.

Response: '
Naﬁ;ngnfhsmWMhmmmwmnwoﬂumrbﬂtmthaemm

instances of the alleged defect occurming in either product.

6. Provide a copy of all inspection, maintenance, and/or replacement recommendationa
regarding ABS tone/exciter rings instalied in the subject vehicles.

Response:
1. Moritor Webco Hydraulic ABS for Medium-Duty Trucks, Buses atvd Motor
Home Chassis Maintenance Manual No. 39 Revised (9-00, for D Version
Hydraulic ABS. (Enclosed, epplicable for both Kenworth and Peterbilt)
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2. GUINITE Disc Brake Rotars Maintenance Manual. (Enclosed, applicable for only
Peterbilt)

The ebove information was compiled on November 8%, 2002, PACCAR is available to answer
mfur&:rquﬁuunsﬂmﬂﬂiwnfDefcmhmuganonmayhawmgudmgthemfmmhm
contumed in this response.

Very truly yours,

@f/ﬁim

Kenneth B. Brownstein
Senior Counsel

KRE:ptg
Enclosures

c-mail: ken. brownsteini@paccar.com
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Service Notes
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Before You Begin

This manual provides maintenance and sarvice
instructions for Maritcr WARCO's hydraulic ABS
for medium-duty trucks, bugas and motor home
chassizs, Before ¥au bagin procedurea:

1. Read and uUnderstand afl Inetruetions and
Pracadures hafors Yau beagin to servies
rmMpanenta,

2. Read ang abserve all Cautlon and Warning
safely alarta thyt Preceds Instruetlong ar
Procaduras you wij) Perfarm. These alerie halp
10 avaid damags to cemponants, seriqus
Reragnal injury, or both,

2. Follow your companys meimenance and
service, Inatalistion, ana dlagnoatica
guidedinag,

4. Use spaclal toolg when required to help avold
serious peracnal injury and demape to
qomponants.

A Wamning alerts You to an
A WARNING ingiruetion or progadyra
thet vau musg Tellow
axactly to avold werious
parsenal Injury end
damnpge to COMponenta.

A Caution alerts you 1o an

ction or procadurg
that you must follow
exactly to avoid daamaga to
Somponends and pagelbls
8arious Injury,

1) Atorgue symbal aleris you
1o tightan faatensrs to 4
speclfiad torque valug,

NOTE A Note provides

Inforrnation ar BURgeatlons
that help you Cortectly
4 componant,

]_ ssrvics

Accass Informatlon on
ArvinMeritor's Wab SHe

Additlonat meintanance and sarvice Informatian
fer ArvinMeritor's eommercial vehicls gystams
componert finsup iz alge Avellabie =t
www.arvinmearitor.com.

To access informatian, dlick an Products &
Servicas/Tach Library lean/Hvs Pubfications. Tha
crean will diaplay an index of Pubiieations by
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Section 1

._-__%.___ .
MERTTOR WaBCO introduction
OUEWiBW During an ABS 8top, & solenold valve in the

Meritor WABCG Hydraulle Anti-fock Breking
System {APS) ks mn #lottronic whag) Bpand
moniteting and cantro) Bystem vsed on
madium-duty trugke, buzes and motor home
chaasia equippad with g hydraufle brake Byatam,

Thare are two 8Ystoms mvajlabls, C ang D version
hydraufic ABS. b verzlon ECLUs am avallablg i
both cab- gnd frarme-mounted versiong. Figure 1.1,

Figure 1.1

Maintenance Manual

Information
This manuel COntaing wervig Infarmatien far
tha Markor WABCO D varslon b ang

Trame-mountad hydraulic ARS, | YOU are aerviging
a8 € veralon hydrsufic ABS, you will nead
Msintenance Mg huaf 38,

To determine which varsion hydreulic ABS s
lnmailed on the vahicls vou are Servicing, plagsa

How Hydraulic ABS Works

ABS whaal SENECre detact whegj spepds, The
&BNdors ganerate algnala that are tranamitted tg an
Electronic Contrg) Unit (ECU). If tha whoela start tn
iack, the ECU glgnals the modulator asmemhbly to
regulate the brekg Premsura of each locking whagl.

Fevirnd 09- 0o

modalator Assambly Ja rapidly Rulasd: that is, j

opane and ciosas sevarg| tmas per second 1o

control the braka Precgure. Whan thlg oCCuts,
Mey notice a pulsation of the hrake padai.

An ABS Indicator lamp on the vehicle dazh alerts
the drivar to a poss|bis systam faclt and providag
blink coda information o disgncse the syatern,

Iftha ABS indicator lamp cormes on dy ring norma|
vehicia operation, drivara may camplate thair trip,
but are inatructad to hava thyalr vehiclps ssrviced
a8 3oan as possihia,

In tha uniikeh gvant of an ABS syatern
malfuncticn, the ARS |n the affected whas| will be
clsablad and wil retum to nennal traking. The
othar sensed wheals will Fetaln thelr ABS functign,

ECU Identification

NOTE: Do niot opén the ECU. Opaning the ECU 1o
g4ain eccesa to the interna! cornponants will vold
the warranty.

[t'a Bagy tg daterm!ne-the hydrauliz ABS version
instaliad on the vahicls by looking at the ECL.

C versicn aystam ECUs are largar than varslon
ECUs. {(Retar to Figura 1.1,

if the ECL) Ig sasity vigibly, {oak ar tha part number
Identifteation tag. D varstan ECUs will have aD
designation printad on tha tag. There ia no leittar
deslgnation on ¢ varaion ECUg, Figura 1.2,

Fgure 1.2
D VERZMON
T 115 an'gg
TIRNW 5 py 4272 p
|| 43/4M 120 SAE
(8] 2r 152

LR

10046808
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Introduction —""—L“_""E'_l;_ﬁglj_n,

System Layout
A typlcal Meritar WABCE Hydrauile ABS with exh-mountad ECU g illustrated bofaw. Figure 1.3.

rF_Iguru 1.3
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Section 1
Introduction

System Components

The foilowing companants make up the Marltor
WABCO Hydrauilc ABS,

Electronlc Control Unft (ECU)

Figurs 1.5

* Containa brake Huid and must be handled with
BPpropriate care. it should not be expogad 1o
irpact loads, axcessiva vibratlons or .
compreseed air biown Into the Bydraviic pores,

Sansors
Sengor with Moldad Socket

* Processes seneor slgnals and geniaratey
solenoid valve Commands ta redoecs, maintain
or reapply brake preasure,

" Mounting looations vary, depanding upan tha
vehlcle. Rafar to the vehicle apecications far

Modulator Assembly

Fligure 1,7

- LLii 2L ET

* Massures the spsed of g taoth wheel rodating
with tha vehicle whesi,

" Prodiugas an output voltage praportional to
wheel spaad.

Eensor Spring Clip

Flgura 1.8

* Houssea tho ARS selanold contral valyvos {ona
Inlat vaive and one outlet valve per wheal), 5
PUMPp motor and twp Beeurnulatore

Arviand 08-00

Flgurs 7.8

TOO488Ey

* Holds the whaagl Epeed sensor in claga
Proximity to the taoth whoal,
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] —
Introduction - MERTTOR WASCO
Tooth Wheel ABS Indlcator Lamp

Flgura 1.3 Figura 1,71

1GIHASTR

= A machined ar stamped ring mounted to a
machinad surface an the hub of each
ABS-monitored whesl|,

Sansor Extension Cables

1004085y

Figure 110

' 1DC4e8E

* Located on vehicla dash,

® Alartg drivers to a Peaalbla systam fauli,

* Used by service perscnnai to display blink
cogag, Lok

* ABS Indleator lamp is not pravidad by
Muritor WABCQ.

* Two-wire cabla with mofdad-on zonpector.
* Connacts the wheal speed sensor to the ECL,

Page 4

Fligure 1.12

1034580a

* A PC-based diagnostios program,

* Daplays systam faulrg and whesl spestf dats,
teats individug| COMponents, vertias
installation wiring and mare.

* Runs in Windows? 85, BB or NT.
* To arder, caf) H00-535 658D,

MOTE: An RS232 to JT708 canverter bhox is
requirad,

Raviand 2909




_ Section 2
—ERITOR WANCD Troubleshooting and Testing
General Maintenance .. System Wiring Information
Information

MOTE: Refor to Table A for ECU pin kantification,
Thare Is na regy larly scheduled maintenance . _
required for Marlter WABCH O Varsion Hydraul/s Wiring may vary, BCearding to the vehicle. Rafar to

ABS. However, AHS doss not change currant tha vehicla spacificationg for 2pacifle wiring
vahicla malntenanca requlremanta. For exampie, |t diagrams. A, typical Maritor WABCO 45/4M
Is important that the vehlela brake fluid lovel be Hydraulic ARS wiring diagramn appsarz in
Propaty maintalned. Figure 2.1, _
Tahie A Whing Rsfer ta Appendix A for Modulator Assembly Connector Pln
gnments
Pin Numbers and Locations (Cab-Mounted ECU)
T 4 7 1 4 7 1013 15 T 4 7 1013
l"_:l== l====lﬂ= m===
2 5 g 2 B B 1114 17 2 5§ 81w
SEa s ====E= R oo
St LBl st mRallfs v s

Fd

)

; 1
$-Pin ECU Connector 18-Pin ECU Connector 15-PIn ECU Connector

Pin Clrouit Pin Circult Pin Cireult
Number | Description Number | Description Number | Deseription _
1 Left Front Semgor 1 +12 Battary 1 Laft Front Outlet Valve
2 Left Front Sonmor | [z +12 Ignitlon 2 Left Front Inist Vaive
K] Right Rear Sansor | (3 Not Usad ] Ground
4 Aight Front Sensor| [4 Mot Ugad 4 Right Front Cutist Vaive
5 Rlght Eront Senacr 5 SAF J1587 (- 5 Right Front Inlet Valve
G Right Reer Sonaor | { SAE J1687 {+) g Not Used
7 Left Raar Sansor 7 Net Usad 7 Laft Rear Qutlet Vate
-] Left Asar Seneor a Motor Monieor B Ledt Raar Inlet Valve
g Not Usgd g Not Uaad 8 Mot Lised

plt Mot Laad 10 Rlght Raar Outlat Valve

11 Nat Upad 11 Right Rear Inlat Vatve

12 Ground 12 Retardar Relay

13 Not Used 13 Nat Usad

14 Nat Ugad 14 Not Usad

16 Jumpar 16 Pump Raiay

i) Mot Usad

17 Mot Ugad

a ABS Indicator Lamp

and Blink Coda Switsh




Section 2
Troubleshooting and Testing MERTTOR WANCO

48/4M D Varsiaon Hydraulic ABS Wiring Diagram

{Cab-Mounted ECL) PUNE AL
F ===y
E;E menen) | | @ B B
Blg R b
: = ? ! B B8 @&
ﬁ{g 3 <4« | B H
S H ] L2 EE
a eld ) T
i CET B
- i -u—"laﬂuaw_qr#-_u_-_-.:{: {1 B g
. L _I:_u R, 3 i N EI Ei E
s i EE
A TR Lo s
1 g o
e S A g
ii,!. _'_':_"_ﬂ E 11Lan|mrﬂ1!nr__€— _|
e — =it [5 & &
_ 3 <L B2 B &
- I ——— ===t le 8 g
eI\

Pace § Ruvlsed 8909




MERTTOR WABTD

Section 2

-Trnubleshonting and Testing

Table B: Wiring Refer to Appendix A for Moduiator As

Assignments

sambly Connactor Pin

Pin Numbers and Locatlons {Frama-Maunted ECU)

—

onting

-

i

Black X-2 Connector

Gray X-1 Connector

Green X-3 Connactor

Pin Circult Pin Clreult Pin Clrcult

Number ; Description Number | Dascription Number | Dascription

1 HAE J1587 () 1 X 1 X

2 +12 Igniticn 2 - Ground 2 X

3 112 Battary 3 Laft Front Iniet Valve 3 Left Rear Sensor
14 Waming Lamp Relay] | 4 Right Front Inlet Valva | | 4 Aight Frant Sansar

] X 5 Laft Raar Inlat Vaka B Laft Front Sensor

B Pump Ralay ;] Right Resr Inlat Valva ] Right Rear Sansor

7 Hotardar Rolay 7 Alght Rear Qutlet Valve | |7 Right Rear Ssneor

B ABS Indicator Lemp | B Laft Rear Quilst Valvg 8 Left Front Sansor

and Blink Coda Switch| 3 Right Front Outist Valvel [9 Right Front Sensar

8 Graynd 10 Laft Front Dutlet Valve | [10 Left Rear Senanar

10 Moter Monltor 1 x 11 ®

11 + 12 Battery 12 X 12 X

12 SAE J1587 {+)
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MERITOR WABCD

Troublashnoting and Testing ===""OR Wasca
Figurs 2.2 |
48/4M D Verslon Hydraufic ABS Wiring Dlagram
{Frame-Mourted ECU) .

<l-

—_— . AL

'_ . ‘M-*ﬁf-_mm___}“.

! | i i _ {|=
L=

. ]

12-PIN COMNMECTOR (BLACK]

1Pl CONMNECT O lGREYS

m t""l iy L " J\

Xy
r—}r
]
KA
|
g
!
A A
[
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MERITOR WANCO

Section 2
Troubleshooting and Testing

System Dlagnostics

Use Merltar WABCO's PC-basag dizgrastic
pragram, TOGLBOX Softwara, or standard hlink
rodaa to dingnose hydraulic ABS faults.
Information for using etenderd blink coden
appasars on page 11 of thlas manual.

Moeritor WABCO
TOOLBOX Software

MNOTE: Far pompleta Instructlons for using thla
progrem, refer to tha User'a Manual, TRP-951az,
Contact Maritor WABCD st B00-536-5580 for
Infarmatlon abowut TOOLBOX Softwars,

If you have TOOLBOX, Software installed on your
- COmpLitér, use It to identify aystem fauits, Then,
follow the on-acraen repalr information to make
the necenaary repairs or replacamants,

To display D verslon Hydraulic ABS faults, yse the
pull-dawn menu or tha HABS ioan Flgure 2.3 to
aalact HABS (Hydraulic ABS) from ths Maln Menw,
The Mydraulio ABS Main Menu will BppaaAr.
Flgurs 2.4, .

Selact the View ECU Faults ican or aslact Display
Fauita to use the pull-down manu, Figura 2.5, This
will display the Fault nformation scrasn.

Figurs 2.8.

Flgurs 2.3

Flgure 2.4




Section 2
Troubleshooting and Testing

MERTTOR \WABCD

The Fault Information Scraen contains a
dascription of the fault Re palr Instructlens for
sach fault appear st the bottam of the SCTEe,

Faults that occur after the screen Js displayed will
hot eppear untll & screen update is requasted. Llge
the UPDATE buttan ta refresh the fault infarmation

Aftar making the naceszary repalrs, uss tha CLEAR
FAULTS button to clear the fault. Ugs tha update
button to refreah the fault information tabls and
dispiay the new flst of fayls.

Blink Code Diagnostics

Definitions

ARS Wndicator Lamg: Thia lamp, locatad on tha
vehicle dash, garves mwo purpogses;

1. Alerta drivars ar sarvice perscnmal to
Posalble feult in the hydrauilc ABS, aa follows:

W ...the ABS Indicator {Bmp cemas on briefly
than gosa OFF whan tha ignitian |a
umad ON . ., .. thote are no active or
stored fauits In the hydraullc ARS

IF .. .the ABS indicatcr lamp comes on and
stays on AFTER tha ignitlon is turnad ON
and

The vehicle fa drivan In-excess
of 4 mph {8 kmfh) - + « % Thare may be
in active fault in the hydrauBo ABS

IF ...ABS Indlcator fam p comeas oh and
stays an

and
Goes OFF after the vahlale ia driven in

excona of 4 mph (6 km/h) ... 3 Thae
may be a stored fault In the
hydraulin ABRE

Z. Displeys diagnostle blink codes far
Ba5y aehvicing.

Blink Cods: A serior of blinks or flashes that
dageriba a particuler ABS gystem sondition.
{Refor to Table D [cah-tmounta d] or Tabla E
[frame-maunted] for blink coda Idartification.}

Blink Cade Dingnostics: The ability af the Maritar
WABCO ECU to sangs faults in the ABS syatemn

and ta defiha thesa faults via blink codas,

Blnk Code Switch: A mamentary switch that
activates blink code diagnostic capahllitins.
Usuaily, it is movnted under the dush ar on the
stearing column, Refar to the vehicla
specifloations far typea and location.

Clagring Fault Codes: The process of eraalng faults
from the ECU memory bank, {Rafer to Tubls C,)

Fault Code: An ABS condition ifault] detectad and
storad in memory by the Merftor WABCO ECU and
displayed by blink code, Syatam faulrs may be
Atthvg or Stared.

Active Fault: A condition that surrently exises
in tha ABS aystem; for axample, a sansor
chreuit malfungtion on tha left front steering
axle. An active fault must be repaired bhators
you can display addttional faults, Onae an
active fault has basn repaired, it becomas o
stored faul.

Btored Fault: A condiifon thet caused the
&ystomn to register a fault, but Is not

active. For axampla, a lonse wire that
c:Tectad itself. A stored fault can also be an
active fault that has hesn eorreciad (refer to
Actlve Fault),

Tabls € describes the method of distinguishing
batween active and mtored faults ard explains
how 1o claar tham.




Section 2

Troublashnoting and Testing

Using Blink Cade Diagnostics

Follow the etepa listed In Tabla & to vag blink code diagnostics, Refer 1o Flgure 2.7 for blink cods
a.

uatration

 Table C: Identifying D-Version Hydraullc ABS Blink Codes

Troublashoating with Blink Code Diagnaostics

Moda | Procadirs Systam Rasponss Agtion

Sinp I. Possible responzas:

Tum lgniticn ON. 1. AES indinamr_famp cormet  |No racagnizahie active fauits in
0N momanta ity then goea the ABS Mo actlon raguired.
out, [ndicating System DK,

2, ARS Indicator lamp doee inspact wiring. inapect bulb,
not light, indicating Make nacesmsary rapairs.
Eaanlbln mrln?bfaull: or

wed-out bulb,
3. ABS indicator lamp staya
on, Indlzating:

* Fault, or faults, in the
EysHam,

-® Sanear fay(t during lagt
op&ration.

* Faults c/asred from ECL,
but vehicls not drivan,

* ECU dikconnacted,

Contlnua with blink ¢code
tiagncatica. [Go (o Step i1.)

Continue with blink coda
diagnostics. {(Go to Stap 1)

Drive vahicle — 1a mp will go out
whan vehlels reaches 4 mph
{8 kemnsh).

Connact ECU.,

Etap 1.

Fress snd hald Bllnk Code
Switch for ona secand, then
relange.

ABS indicator iamp bagine
Reshing two-digit biink todain). | sto

Dutnl;imine i fault is active or
red;
Active Fauit- Lemp will
repaatedly diaplay ona code,
Storsd Faul: Lamp will display
ooda for each atorsd fault then
atop blinking. Faylts will be
displayed ome tims only,

Step 1L

Courmt the Nazhes to
datorming the Blink coda.

Flrat Digik 1- B flashee,

usse (1-1/2 saconda).

Sacond Digit: 1 -8 MTaabma,
Pause {4 geconda),

Fnd definition for biftnk coda an
biink coda chart.

Btep V.
Turn Ignition OFF,

Repair and Record faules.
Stap V.

Turn [gnitfon ON.

Clear Faults from mamory:
Prass atid hold biink code
awitch for st feant thrag
seconds, than reloasg,

Stored Faylts.

ABS Indlea
elght times,

Actlve Fauk,

tor Lemp fiashes

Eight flashes not recaivigd,

Make the necagsary rapairs,

Reeord for future rofarancs.

All etarad faults Succesafyll
cleared, Tyrn lgnition OFR Y

Tumn ignition ON, The indlcator
lamp will stay on. This is
because tha ECLJ |a Iunlllnﬂ for
whasl spaed. Drive the vahlcle
8t a apand of 4 mph (6 km|,
L sonses whgg!
speed, the lamp will 2o off,

Active faults st exlg;, repest

Steps | through V.

* If you recalve 1 blink coda
Canter at 800-535-SEap,

Rawigns 08-0nt

thet la not ldentifisd in Tabla D or Tabje E. contmet the Custorne+ Support




Section 2

- - -_'_——“
Troubleshooting and Testing . MENTTOR WABCO
Using Blink Code Diagnostics, Continued
Biink Codes lllustrated

Flgurg 2.7
1 m':l” Activa Fault
N . 1-8 Fiashmy 1-5 Fashas Canthrues. unt]]
7@: M| el ) 135 ) e e g | T HH‘[:: ok o e kgnition is tumed off
Light ON Tt Dight 2ne| Dight Repeut of Blink Cods -
| ot 2 M
Biink Coda 2-3: Fauit in ABE P oefudartoy
valva, right rosr drfva axie.
1 Gecond Stored Faults
Hald Displays all storsd
off_~ T faults onew— iast fuult
/ﬁ ETHH=H=H%¥-1= 1] TR 0 [ ?.l-l I 0 ol Y| wtored be daplayad I'i:t
Ua O e Stared ey B N Stored pa e Pl '
(G} 121 [} |
Biink Code 52 8s wratla,
Ilﬁm#ﬂl-; Blm,
34  Tao mech sansor gap,
:m\ It rear drive mds,
18
l-l.:I:'I"d Syxtam O.K.
A Blink Coda 1-T: System 0K
usa) T
Light ON i o
5 2 Saconds
10020210
MM
Poga 12
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Section 2
MERITOR W.AR:D

Troubleshooting and Testing

Using Blink Code Diagnosties, Continued

m\ Nota: Aftar fandty ara olsared wnd

18 d wahicia [3 startad. ABS lamp wil stay

Hold Faulis Claarsd on umtl] vehlcle b drivan cver 4 mph (8 kmjh).
- - u an
—z@:- A :'I'-I: H:ﬁﬁﬂ:ﬂ:ﬁ ": H:g.x: Ti{:ﬂ’: ﬁﬂ: ': H“I'ﬁ: Is turnad oif
Light ON # Oack Biinks = Faults Clasrad Systam Systam r— Syat *
Siatimk Stahim Biartum Bintus
1] 12t (FH] 1%
Coda 2

Colniiee

- untl ignitian

3t v | gy |t off
Systarm )
Stalus

in

pLifirlired ]

Roviang 08-00 Page 13




Section 2

Troubleshooting and Testing

Using Blink Code Diagnostfics, Continued

Uga the information In Table D, B Varsfon

Hydraufic ABS Bllnk Codes {Cab-Mounted ECU} or
Tebls E, D Versian Hydraulle ABS Blink Cocles
{(Frame-Mounted ECU), to idantify a fault, check
far prapar volt or ohm measurements and repair

the faule

% Kdentlfy and record the blink code. Blink codan
are Identtfied in Colurmns 1 and 2.

Table D: D Varsion Hydraullez ABS Blink Codes (Cabh-Mounted ECU}

2. Test the pinz Indleated. Pin locatdona to ba

tast=d are ilated in Column 3.

3. Compare the messurement recalvad against

tha corract valt or phim measurement listed In

Column 4.

4. Fallow the Inatructions liztad in Calumn 5.

CAB
Ignftion Ky ON to determine ABS
blink code fault Fgnition Koy OFF to test systam [saxcept wherts noted)
4 | 2 2 4 5
Corract Vol
Fault Plne 1o ba Ohm Matar
Code | Preblsm Area Connactor Tastad Readings Action
o o -
21 Right Frant 16-pin IV 5and3 | Inlet valva: Chack electrcat
Eolanold valve (Inlst or outist - B5 x 0.5 realatance of
valvel failure in madulator, ohma affactad valva
wiring hamess or Inslde ECLJ OV 4and 3 | Dutlet valva: | wiring to ground
- 3.5+ 0.5 at ECU vahlcla
2-2 Lsft Front 15pin V¥ 2and3 | ohms connactor end at
Salanaid vabve {inlet or outlat moduistor plug.
vnl?ull fallura In modulator, Chack voltages et
wiring hamess or inslde ECL) OV 1and 3 wirlng harnass
2-3 Right Rear 16-pIn IV 118nd 3 and connectars,
Salanold valve (Inlst or outiet Voltage of ground
valvs) failure in madulator, ::n:;miﬂ:;‘ld
wiring hamesas or Inelde ECLF ¥
" OV 10and 3 @ valte, Make
2-4 Loft Rawr 16-pin ¥. Band 3 necsssary repalm,
Solenold valve {Inlat or cutlet
valval faltura In modulator,
wiring hameaas or Inalde ECLI OV 7end 3
2-7 Referenca to ground 15-nin 340 chassla | O ohme Check ABS
Interrupted ground ground
connactions,
Maka necessary
FEDRIFE.
W = inlet Valve

OV = Dutlet Valve




Section 2

Troubleshooting and Testing

Using Blink Code Diagnostics, Continued
Table D: D Version Hydraulic ABS Blink Codes {Gab-Mounted ECGU), Continuad

ignition Ksy ON to detsrmina ABS

CAB

blink epde fault Ignition Key OFF to test systam {except whers noted)
1 2 3 4 5
Correct Volt
Fault Pinz to ba Ohim Metar
Coda | Prablem Area Connector Textod Faodnygs Action
31 Right Front g-pin 4end & Greater than | Check for sensor
sanaor — Alr gap -2 vaita AC adjustmosnt.
at 30 APM Check for
a-2 Laft Fromt 8-pln iand 2 {Rotato axeasslve whesl
sanaor — Alr gap w:'?a al 12 hearing andplay.
: flapalr or replaca
33 Right Rear &-pin 3and revolution | Lo ton ed
sansor — Air gap per sgcond)
34 Laft Raar g-pin Tand &
sanaor — Air gap
41 Riaht Front -pin 4 and b 800-2000 - Check alectrical
asnaor — Elactrical fault chrns rasistance of
affacted sengor
-2 Laft Fromt 8-pin 1and 2 and wirlng at ECU
sangor — Electrical faul 1 - connector and at
hermesas piugs.
+3 | Right Rear 8-pin 3end 6 Rapsir of replaca
sengor — Electrical fault 26 needad
-4 Laft Rear 8-pin Tend 8
gananr — Elactrleal fauit
B-1 Right Front _ Chedk for tire slza
whast — Erretic whesl apesd | miematch or
tooth whesl
6-2 Laft Fromt difference. Check
whasal — Erratic whest spasd § N canaor, gancar
} cable and
6-3 fight Raar gannecter for
5-4 Laft Rear contact. Repair ar
. : roplace as
wheal — Erretlc whesl speed | . neaded.
7-3 Rstarder Relay 15-pin 12 to chassis | 50-200 ohms | Verily proper
ground connactione to
relay. {Reter 10
wiring diagram.)
7-4 ABS waming iamp 18~pin 18 and 2 10-200 ohma | Chesk bulb,
Rapalr ar replaca
a5 nbaded.
MMz
Aalnad X5H00 Paga 15




Section 2
Troubleshooting and Testing

-iam

Using Blink Code Diagnostics, Continued
Table D: D Version Hydraufic ABS Blink Codes (Cab-Maounted ECLU), Continued

CAB
lgrittion Kay ON to datarmina ABS
biink coda fault lgnition Key OFF to tast syatem {excapt whare notad)
1 z a & L
Corract Volt
Fault Pine to ba Ohm Meter
Code | Problom Arse Connactor Tt Readings Actitn
7-7 Recircutatian pump doae nat | 15 and Link pin 15 12 volta If Chaci the
awitch off. 18-pin on 15-pin llnkad rugirculation
connector pump wiring, the
OR and pin 1 on ﬁ""’m If nar pump ralay and
RAaclreulation purnp doas nat the 18-pin : fuse and pump
switch on (low level with act}, connactar, vannactiona.
oR Measura Repair or replage
hatwaan a3 naedaed. If
Aecirculation pump mator pin B an the pumps toes not
loakead, 18-pin run wahen pinz are
zonnector linkad, raplace
7-B Recirculaticn pump relay and chagssis modulatpr
stickn. ground. aapombly.
Do not hald
fizr mora
than one
minute.
8-1 No voltage to ABS sclanold | 18-pin 1 and 12 12 volia DG | Check the valve
valvas, relay, fuae and
wiring. Repair or
raplacs as
neaded.
8-z Continuous supply te ECU Check for propar
with Ignitlon off. wiring
cannectons.
Meke neceasary
repaira. H
prablem parsists,
raplage ECLL.
a-3 Internal ECL Fault Asplaca ECU.,
MMay
Page 18 Rvtgd 0200




| Section 2
MERITOR WARCO Troubleshooting and Testing

Using Blink Code Diagnostics, Continued
Table E: I} Version Hydraulic ABS Blink Codes {Frams-Mountad ECU)

Ignition Kay ON to determing ABS FRAME

bnk noda fault Ignition Key OFF to tart ayetam {except whare noted]
T 2 3 4 B
Carrect Vait
Furutit Pines to be Chm Mater
Code | Problem Arss Connactor Taxtad Readings Actian
-1 Syetem OK Mona raquirad
2-1 Right Front Gray IV 4and 2 | Inlet valve: Check electrica!
Saolanoid veiva fintat or outlat | X-1 6.5 = 0B raslstanca of
valve) failure in modulator, nhms affected valve
wirlng harness or Inslda ECU | OV 9and 2 | Cuttet velve: | wirlng to ground
3505 at ECU vahicla
2-2 Laft Fromt Gray v 3end2 | ahma connector and at
Solanold valva (Inlet or autlst | X-1 modulator plug.
velva) failura in madulator,
_ wiring hamees or inside ECL OV 10 and 2 Chack volteges at
E wring harness
23 Right Raar Gray . IV Gand 2 [ and connectors.
Sclenald vaive [Inlet or nutlet | X-1 Valtage of ground
walve} failure in modulator, . eonnactor should
wiring hamass or inside ECU . lov 7and 2 be approximataty
& volts. Make
2-a Left Raar Gray I¥ Gand2 nacasaary repalra.

Salanold vaha {inlet or outlet | X-1
vaivel failure in modulator,

wiring harneas or insikie ECL) OV 8and 2
2.7 Referance to ground Gray _ 2 to chessls | O ohme Check ABS
Intar rupted X-1 ground graurd
. ’ connectlons.
Maks nacessary
ropafrs.

IV = Inlat Valra
OV = Outlat Valva
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Troubleshooting and Testing

Using Blink Code Diagnostics, Continued
Table E: D Version Hydraulic ABS Blink Codes {Frame-Mounted ECW, Continued

FRAME
ignition Kay ON to detarmina ABS
bitnk zods fault Ignition Key OFF to tast system (excapt whers noted)
1 2 3 4 5
Corraet Volt
Fauh Pins to be Ohm Mater
Code | Probhlem Aran Connactor Teatad Readings Action
3-1 Right Frant Gresn 4and 8 Graatar than | Chack for sensor
sanspr — Alr gap Xx-3 < yalis AG sojustment,
at 30 RFM Check for
32 Laft Front Graan Sand 8 Ao axcessive wheel
sansor — Air gap X8 f M’T 2 bearing andplay.
wieal 1 Rapalr or raplacs
33 Right Rear Gresn Tand 8 ravaiution as namdad.
asnsor — Alr gap X-3 par gacond)
3-4 Laft Rear Graan 3 and 10
sanzor — Alr gap X-a
41 Rigitt Froamt Groan 4 and 8 300-2000 Check elstiricel
sansor — Elestrion] faul X3 ohms regiatance of
affected sansor
4-2. Loft Frant Grean fand 8 and wirlng at ECU
garmacr — Elactrical fault x-3 cannactor and at
h jugs.
4-3 . | Alght Rear Groan 7 and B H::‘a?r.::r rl;ﬁana
sarsor — Electrical feult -2 as nomded.
i-4 Lot Rear Graen 3 and 10
samaor — Elactrical fault X-3

-1 Right Front : i Check for tirg skze
whesl — Erratlc wheal sapead | ¥ mlsmmtch ar
¥ tooth whael
g-2 Left Fromt : differenes, Cheok
wheel -— Erretic whee! spasd | SAMEOr, Seraor
- i cable and
5-3 Rigit Rear 3 1 connector for
whasl — Erratic wheel speed | y intarmittent
54 | Laft Renr : ﬁ f:;f;::g‘"“"“"
whesl — Emratic whesl spead FEEES - -
7-3 Retarder Relay Black 7 to chazaia | 50-200 ohma | Vertfy propar
X-2 ground cannactona to
reiny. (Rafer to
wiring diagram.)
7-4 ABS warning lamp Black Band 2 10-200 ohtna | Chenk bulb.
X-2 Repelr or raplace
ag neadad.
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Troubleshooting and Testing

Using Blink Code Dlagnostics, Continued
Table E: D Vearsion Hydraulic ABS Blink Codes {Frams-Mounted ECU), Continued

FRANE
Ignition Kay ON to detarmine ABS
biink cada fault ignition Key OFF 1o test systam (sxcopt wiwre noted)
1 2 3 i B
) Corrant Unit
Fault Pins to be Ohm Mater
Code | Problem Area Cannactor Testml Raadings Action
-7 Reclrculation pump does not | Hlack Link pins B 12 volis 1 Check the
switch off, X2 and 3. Yinked roalrculaill:!lnn +
. pump wiring, the
OR lﬂnasuﬂr: ﬁm if not pump relay and
Racirculation pump does not In, 10 and fuse and pump
ewiteh on {low lavef with act!. pn 12 volis DC | sonnections.
chaesis Repair or replace
OR ground Turn Ignitlon | 50 haaded. If
, aN :
Recirculation pump motor Do nat hald pump does not
lackad. for mom run whan plna ara
than one linked, replaos
7-8 Recirculaton pump relay minuta. madulator
aticka, as=midy.
81 No voltage to ABS golencfd | Black dand9 12 valts DC | Check the valve
vaives. X-2 ralay, fusa and
wiring. Ropair or
roplace &8
neodec
8.2 Continuous supply to ECL Check for proper
with lgnitlon off. wiring
connectlons,
Mako nacaasary
} repairs. IF
nroblem persists,
raplecs ECU.
8-3 Internal ECU Fault Replace ECL.
[FIYE
RAavisad 00-00 Pede 18




Section 2
Troubleshooting and Testing

Tasting the System

This sectfon of the manual contalns informaton
for testing the hydravilc ABS with TOGLBROX
Software, as well as procedures for condugting
gtanglard air and slectrical tasts.

A warvive

To pravent serfous eye Injury, slways wear safa
aye protection whan you perform vehicie
Mmeintsnance or ssvice,

Excharst gas confains potzon. When testing a
volicls with the engine rirming, test fn a
wal-vantlisted armp or route the axbaust
haze outside.

To avald aaripus parsanal keaoap away, and
kowp test squipmant swey, afl movirg or hot
angihe parts.

Aefar to, and follow, the vahlcls manufacturar’s
Warnings, Cautions and Sarvica Procadures,

Whan tasting, &st tha parking brake end place the
gear selactor In NEUTR AL {manual transtmission)
or PARK {autormatie tranamission) enleas
otherwlza diracteol

Meritor WABCO
TOOLBOX Software

Usa TGGLBOX Software to varify the activation of
verious ayetemn companents:

Tum valvas, pump and rotarder ralay on and
off {Valve Actvation Menu}. Tum ABS
Indlcator Jamp on and off (Mlsaellansous
Output Actlvation Manu}. Rsast components in
ECU memory.

NOTE: For complete instructiona for uaing thls
program, rafer to the User'a Manual, TP-88142.
Contackt Meritar WABCD at 800-56356-5660 for
Information about TOOLBOX Sefrwars,

Vahra, Pump and Retardar
Relay Activation

To sativate the ABS valves, pumyg or retardar relay,
salact HABS {Hydraull; ABS} from tha Maln Manu.
Tha Hydraulle ABS Main Menu will appesr,
Figura 2.8.

Seiect tha Vaiva Activedon lcan or salect
Compone nt Tasta, then Valves to usa the
pull-down menu, Figures 2.9. Thiz dlaplaya the
Valve Activetion acraan. Flgure 2.10.

Mrt
Pada 20

Flgure 2.8

1004 T0a

Figurs 2.T0

. 10047078

Ruvbacd 1930
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Section 2
Troubleshooting and Testing

The Valve Activation scraaen lats you activata the
four valves, the purnp and tha retardar ralay. In
acddition ta checking for proper activation, this
acreen provides an aasy way to make sure the
valves are wirad properly — and that wiring la hot
ravarsad. Component activation status appears [n
the mtatus box of this scresn.

ABS Indicator Lamp Actlvation

To activate the ABS Indicator lamp, salact HABS
{Hydraulic ABS} from the Maln Manu. The
Hydraullc ARA Mak Manu will appear. Figore 2.3,

Select the Mlacellenacus Oulput Actlvation icon or
gaiect Component Tasts to use the pull-down
menu Fgure 2.11 ta display the Actuste
Miscaltaneous Output scraan. Figurs 2.12.

Ergurs 2.1

Figure 2.72

Rwviaed 03-00

This scraan provides a check of the ABS indicator
lamp. ln addition, it providss a way to check either
intat or outlet activity of tha valves, pump ar
retarder ralay. Component activation status
appsars in tha stetus hax of this screen,

Reset Memorized

Thiz is an automatic default and cannot be
de-seleciad, it Indicates the ECL has mamorized
tha Instaliod retardsr ralay. Once the ECU has ssan
B retardsr, it expects to see |t evary tima the
vehlcle is powered up. Flgure 2,13,

Becauao thers are irmes when an ECU ia movaed fo
anather vehicle — or during diagnostic testing —
you may want the ECU to disregard this leamed
componant, Uaa the Reset Memotizad commend
for thla purposa.

Selact Componsnt Tasts from the Hydraullc ABS
Makn Manu. Then, aelect Resat Memarized from
the pull-down manu to reget the Lasrnad
Component screen, Figura 2.74.

HAgura 2.13

10047 e

100470%a

HME
Pagn 2




Section 2

Troubleshooting and Testing

Standard Testing

Test Equipment: Volt-Ohm
Maeter (VOM)

Lizz of a VOM with automatie polarity sensing
1a recommended. This eliminataes tha cancarn
of tha polarity of the meter laads durfng
voltage measuramants.

System Requirements and
Component Tests

Tire Size Rangs

Far propar hydraullc ABS operation, front and
rear tire sizas must be within 18% of each othsr

Contest tha Merltar WABRCO Customar Suppaort
Canter at 800-B3E-6660 if you plan & flra slze
differance greater than £8%.

Calculate the tirm size with the follow/ng aquation:

APM Stasr
% Ditferance " | RFM Oriva

RPM = tira ravolutions per mile

}—-11’1[“]'

A CAUTION

When troubleshocting or tasfing the AES system,
do nat demage tha cormector tarminals,

Voltage Check

Voltegas must be between 9.5 and 14 volta for the
12-valt lrydraullo ABS to functlon properly.

Chack voltage aa Tollows:
1. Yum Igniion ON.
2, Chack far proper valtaga:

Cab-mounted ECU: Pina 12 and 1 and 12 and 2
an tha 18-pin eonnector.

Frarme-raounted ECLY: Ping 8 and 3 and 3 and 2
on the black connactor.

If voltege is not between 5.5 and 14 volts,
varify prapar wiring connactlans. Make
corractiona as requlrad.

- Standard Component Testing

ABS Indlcator Lamp

If the ABS indicator lamp doe= not came on efter
the ignition is turned on, or it comas on but does
not ge out aftar thres saconds, chack ali ABS fuses
nr clrouit braakers and replacs if nacsasary. Check
the wiring to the ABS dlagnoetic switch and the
indicetar lamp and repair or replace the wiring es
requirad. Whan chacking the Indicatar lamp,
follow these staps:

1. Chack voltage putentlal et the iamp sockat.
2. Check continuity of the wires to tha socket.
3. Raplace tha bulh.

MNOTE: A complete wiring dliagram for 45f4%
D-varalon hydraulic ABS appears in Figure 2.1.

ABS Blink Code Switch

Whan testing the ABS Diagnastic switch:

1. Check the reslstance batwesn the terminales
whila cycling the ewiteh, A lack of raslstansca Is
an Indication of 8 faulty swhch.

2. Chack the continuity cf the wiras to the
gwitch:

Cab-mountesd ECU: Plina 18 and 2 on the
18-pin connector.

Frama-mounted EGLE: Ping 8 and 3 an the
black cannector.

Sensor Adjustment

On staering exlss, the sansor |3 typlcally
accessible on the In-board alde of the mtearing
knuckle.

On drive maxlas, tha sanaar is typically aceassible
on the In-board slde of the rear axle spindle, -

To adjust the sansor, push tha sansor in until &t
contacts the tooth wheal:

= Do not pry or push sensors with
sharp abjocts

» Sansers will ssH-adjust during
whes! rotatlan.

MOTE: Mo gap is allowabte at installatlon. Durlng
normsl operation a gap not to excead 0.04-inch
ia allownble.
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Sansor Output Voltage Test

Sensor output voltage must be at laast 0.2 volte
AL gt 30 rpm. Tast the sengor output voltage
as follows: )

1. Tum ignition OFF.

2. Disconngct tha ECU. To messure voltage at the
pins on the ECU connactor, dlsconnect the
sannor from the sansor sxteanaton cable,

A WARNMING

Block tha witeals to provent the vahicle from
moving. Support the vehicle with safely siands.
Do not work uncier 8 vehicis supportad only by
jocks. Jlscks can siip and falf over. Serious

personal infury can resull,

3. Put blocks undar the front and reer tires ta
gtop the vehlole fram moving.

4. Raign the vehicle off tha ground. Put safoty
stands undar tha axle,

5. Rotate wheel by hand et 30 mm
{112 revolution par sacond].

f. Messura the voliags at the pina Indicated in
Tabis F.

Table F: Sensor Check Pins

Cab- Frama-

Mowmiad Mounied

PFing (B-Pin dreen
Sanzor Connactor) Connsotor
Laft Front Tond 2 Hand 8
Right Fromt 4 and & 4and 9
Left Rear Tend 8 3 and 10
Right Raar Jend & 7end 8

Sensor Reslistance

The sansar clrcuit raslstance must be batwasn S50
and 2000 chme, Moasure reslstance at the sansor
cannector, or at the pina oa tha ECU connector,
ea follaws:

1. Tum Ignition OFF

2. To measurs reslstanca at the ping on ECU
sonnactor, disconnect the ECU gotnmetar from
tha ECL,

To measure reslstance at the gansor connactar,
discannact the sensar from the sensor
axtenglen cable.

3. Measure output at the pina indicated in
Table F, Senegor Check Pina.

if mesaurement la not betwean 900 ond
2000 ohma, raplaca tha aenaar.
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Component Removal
and Installation

Sensor Lube Specification

Maritor WABCO spacHicatlons cell for 8 sensor
hubrloant with the followlng charasteristios:

Lube must ba mineral ofl-bazed and corntain
mphedisulfida. & ahould hava excellent
antl-cerrosion and adhesion characteristics and be
capakla of continuoua function in & tsmperaturs:
range of 40" to BH0°F (—40° to T80'C).

Whaeel Spaad Sanzor Replacemesint —
Front Axle

Remaval

A WARNING

Ta prevent serlous oye Injury. always woar safa
Bya protection whan you perform wahicls
MaReeNGe Or Barvica.

Block the whaels to prevert the vehile from
moving. Bupport tha vehicle with sofaly stends.
Do not work under a vafiicle supported only by

focks. Jacke can siip and fall avar. Serlous parsonal

Injury can result.

1. Apply the parking brakes. Chock tha rear tirea
ta prevant v¢hicls movament

i necassary, rsiee the front tires off tha
ground. Put aafety stands undar the axie.

2. Disconnect the fastenera that hald the sensar
cable to other componants.

3. Dieconnect the sanzar cable from the
chassgle harnaan.

4"!

Aamovea the sensor from the senscor holder.
Twist and pull tha sanser to mmava k from the
ssnaar ixacket. Do not pull on the cabls,
Figore 3.1.

Figure 3.1

/

Installatlon

1.

3.

Connact the sensor cable to the chassls
hamess,

Install tha fasteners uend to hald the sensoy
cable in placa.

Apaly 8 Maritor WABCO-recommended
lubricant to the sensor spring clip and asnaor,

Install the sensor spring clip. Maks aurs the
apring ¢fip tabs are on the labhoard slde of
the vahlcle.

With tha tebs an the inborrd gide, puah the
sensar apring cilp Tnto tha bushing in tha
steegring knuckla untll the ¢fip stops.

Pueh the ssnsor completely into the ssnacr
spring clip untfl it contacta tha taoth wheel,

Fasten the sensor cable with tla wraps every
12 inchaa. Propery bundls and stora axcoas
cable in the sub frama. Figurs 3.2

Remove the blocks and safety atands.

Perfarm » voltage output check to ansure
proper Installstion. Retar to “Senscr Qutput
Valtage Test™ in Sectlon 2.




Section 3
Component Replacement

Whee] Speed Sensor Aeplacament — -
Rear Axle

Ramoval

1. Apply the perking brake. Chack the front tires
te prevant vehlole movemant.

4. Ralze tha rear tires off of the ground. Put
s6faly stands under the axie.

3. |fthe rear tlre must ba ramaved to gein access
to the sencar, ral¢ase the perkdng hrake to
ralease tha brake shoa.

H:Jl:m the wheel and tire assambly fraom tha
axla.

4. Ramove the sansor from the maunting block
In tha axle housing, Usa a twisting motlon if
necasaahy, Do nat pull on the eahbls.

b. Dieconnect the sanaor cable from tha
chaszia harneea.

8. Remave the aansar cabla from any cable
clemps or clips,

7. Rsmova the sanear apring cllp from the
aenanr bracket

Installation

1. Connact the neww 3enzor cahle to the
chagsis harmens.

2. Pragn tha asnsor spring clip Into the serear
bracket, located on the raar axla, untll It stope.
Make gure the tabs are on the inhoard skie.

3. Apply a Meritor WABCO-rscommandad
lubrlcant ta the sensor.

4, Push the sensor compiately Into the apring clip
until it contacta the toath whaeal,

6. Resttach the senkor cabis t the cable
clamps or clipa,

E. Fastah the senacr coble with tls wrapa every
12 inchas. Progerly bundia and stors excess
cabie in the aub frame. Figare 3.2,

Figura 1.2

1707

7. Rapisea the tite, ramove the safety stsnds,
iower the vehicle and remove the chocks from
the front tires.

8. Pyrfurm a voltage autpuit chack to snaure
propar Installation. Aefar to *Sansor Dutput
Yoltage Tagt™ [n Sactfon 2.
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MERTTOR WARCH Component Replacement
Modulator Assembly Modulator Assambiy Installation
Modulator Assambly Removal T Blace on tha vahicie. Fgare 32, ek
A cavmon

The modulstor assambly contains hydraidic braks
fuld, a caustic substance. Remove the valve
carsfully so that Ruld does not Joak atcl casss
widn Irritation or damage to componants.

1. Apply tha parking brakas. Chock tha front ahd
rear tiren to prevent venlcle movamenmt.

2. Place a container undar the modulator
asgambly to catch lsaking braks fuid.

3. Diaconnect tha slactrical harnesa connactars
from the modulator sseambly.
4. Mark the aix braka linas for sesn of

Ingtallation, Discannect the lines from the
madulator sazembly.

6. Remove the three mounting capecraws,
washars and nute that sttach the maduiator
assambly and bracket assembly to vahicle.

NDTE: Whaenevar any hydraulic aystam fitting 13
loosanad or disconnectad, tha antire system must
b¢ bled to remove any air that mey hava antared,

8. Pemove the modulator assemhbly and brackat.

Favitsd 03-00

Figuwa 33

1H470Bn

2. Tightan the thres mounting nute ta 137 |h-In
{16 N*m}. ﬂ.

3. Gonnect and tighten brake line connectlons 83
fallows:

* Twa gmall (MIDXN adapters:
108 Ibin (12 M=ml.

* Faour larga {MI2X]) edapiera:
132 I-in (1B N-m}.

4. Blead the brake system, per tha
fotlowing Instructlons.

5. Connect the electrieal hamesssas to tha
medulator assambly.

MiFE
Paga X7
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Brake Blaading Procedures

General

The following brake bleading methods axplain
how to bieed the hydraulic ABS modulator
azasmbly during inatallstion, or in the evant of alr
in the brake syetem. Theora are instructions for
both presgure and manual bisading proceduras.

Thena ingtructicna Include the pracedure for
blesding both the mastar cylinder and the braka
&ystem. In eoma cases, far axample, if you ere
replacing only the modulator asgambty, It may not
be necassary to bissd the mastar cylinder. If you
hava any questiona, pleses contact the Maritor
Sarvice Contar »t B0-535-5560.

NOTE: The moduiator sasambly muat be hendled
with appropriate care and should not be exposad
to axcassive impact or comprasaed alr at tha
hydraulic ports priar to assambly.

A WARNING

Failura to bieed the system whanever any
hydratlis gystarmn friting is loosensd or
disconiected witf alfow air to remair in the
sysiam. Thia wilf prevant tha hydraulic pressure
in the brake sysiem from rising snough to spply
the brakus properly. This will ceuce tha stopping
ditinnce io horease ard ean result fn serfous

personal Injury, '

Proparfy discard hydraalic braka fuid thet i
renmaved from tha braks system. Hydraufe brake
fluid that iz removed can be contaminated and can
chtits dernage, losa of braklng and sariowa
personail Infury.

Use only the type of irydraullc brake fluld spacified
by tha aquipmant manviastiurer. Do not use or mix
dfferant types of hydraufic hrake fidd. The wrong
hydraulic brake fluid will damage ifre rubbor parts
of the brake ealiper antd can euws damage, loss of
braking and sarious personaf Infury.

MNOTE: Uas DOT 3 or DOT 4 hydraulic brake fluid.
Refar to tha vehlcle apactficatlons to detammnine
which fluid 1o usa.

AGALHTDN

Hydrautlc braks fuld is p caustic subatanca.
Comiact with hydraudic hroke ffuld can cpuse skin
irrftxtioh. Do nat let hydravkc brake fuid touch
wny puintad surfaces, as it will rermave the peint,
Hydravlic brake fluid may also damaga cartaln
nor-muial spripcas, Do not fet {luid gat on brake
pads, shooas, rotors or disks.

Pressura Fill and Bleed

Prassurs TN and bived I3 the praferred mathad for
blasding the aervice brake aystem. It raquiras tha
uss of & spacial preesurs blasder kit, consisting of
a tank, prassura pump and valve, gaupa, tuhing
and adapter. These kits ara availakla from a
numbaer of manufacturers and include insir uctions
for uge. Figure 3.4,

Figure 5.4
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Prazsure FIll 2nd Blesd Procadure:

1. Apply tha parking brake and chock tha tirea.
Tum tha 'gnitlan OFF and dlsconnect the
battery terminela.

NOTE: Tha ignition must remain off for the
entine kleed procedurs; snergizing tha ualt
during blaading must be impoasible.

2. Fill tha pressurs blaader with new DOT 3 er
DOT 4 hydraullc brake fluid, Refar to the
vehicla specifications ta datarmine which fluld
o use.

3. Follow the manufecturars Instrustions to
connact tha pressure blasder to the braka
master cylindar raservofr,

4. St filllng preasure to 20 to 30 pal (1.5 1
2.0 bar).

§. Turn on bleed aquipmant unt!) fiuid lavel in
rasetvodr raaches approximately D.B7E-Inches
{20 mmj.

G. Release pressure for 3 10 5 seconds. Appl-f
prassura for S to 10 sscanda.

7. Ropsat Steps 5 and 8 approximately 10 times.
After raleasing the pressure, air bubbisa
shauld rigs up Into the reservolr.

A WARNING

Do not lot tha braioe master cylinder fvid get
bafow the minkmum fevel during the blsading
oporation. Keap the master cyfindar remerwvoir
fifed with new DO T-approved brake Ruld, as
spacified by tha original scgrignwrrt rranufactures.
Faflure 1o keap tie hrake reservolr favel sbove
minimunt could result in mom alr antering
systeme, making It imposafils to effectively bised
the system,

8. Elead the braks gystem:

a Eot fllling presaurs ta 20 to 30 pai {1.5to
2.0 har.

* Put a wranch on the brake actuatar blasdar
fittlng. Start with the farthest from tha
maduletor, [typicalty the right rear), than
attach a length af clear plaxtle tubing to the
bleedar fitting. Make aure the tube fita
anugly.

8. Submarge the tubing in & container of clean
hydraulic breks fiuld, Flgure 3.5.

Revized 04-20

" NOTE: Both the tubing and sontainer must be
abla to withatand the sffects of hydraulic brake
fluid.

Figura 3.5

1054710

Loosen the blesdsar fitting until the fluid begina
to flow (about 3M turn], Lat the hydraulia fluid
flow out of the fitting unt It /s free of air
bubklan.

10. Tightan firmly to sacure tha fiing.

11. Aepaat Staps 5 through B 1o hland tha
ramaining thres brake actuators. Blaed In
sequence of the longest 1o shortest circult
fram the mocdulator sasambiy.

1Z Turn off bleed sguipment and ramova
rrnsurn. Ramaove bleed davice and chack fiutd
Bval in rasarvelr. Fil! i required. Repisca
resarvoir cap and disposo of usad braks fluid.

13. Remove whee! choeks.

Manual Blesd Procadure:

1. Apply the parking brake end chock tha tirss.
Turn the ignitien OFF and dlsconneat the
battary terminala.

NOTE: The igntion must remgin off for the
eritire bisad procedurs; snergizing the unit
during blea ding must ba Impocsibla.

M2
Puge 2




Section 3
Component Replacement

2, Fill the rasarvalr with DOT 3 or DOT 4
hydraulic braka fluld. Refer ta the vehicle
speclflcations to detarmine whigh fluld te use.

3. Daproas the brake pedal flve timese using the
stroke betwesn 1/3 traval and maximum travel
in @ segands. -

4. Raieape the pedal for 5 to 10 smconds. Afr
hubbleg will fize into tha resarvoir whila
daprassing and relessing padal,

6. Repeaat Steps 3 and 4 another three times, or
until sufficlent padal resictanca ls falt,

A\ warning

Do not ot the brake master cylindar Ruld get
balow the minlmum level during the bloading
opsration. Keep the master cylindsr reservolr
filisd with new DOT-approvad brake fluid as
specifiad by the original squdpmem manufacturer.
Fallura 1o keep the brake reservolr lavel above
mfpimum could resalt in more sir entering
systam, making it impossible o affectivaly bised
the systam.

B. Biead tha hraks syetem. Put a wraneh an the
brake actuator blaader fitting. Start with the
fartheat from the madulator, itypiceily the right
rear), then attach a4 lenpth of clear plaatic
tubing to the bl=odar fitting. Make surs the
tube s snugly.

7. Submarge tha tubing in a contalnar of clean
brake fluid. Figura 3.5.

NOTE: Both the tubing and contalnar must be
gble to withstand the effacts of hrake fluld.

8. Depraee tha braka padal 10 te 15 times, uging
the maximum avaliabla stroks.

8. Loosan ths bloadar fitting untl the fluid begina
to flow, {about 374 turn), while daprassing the
brake padal thraugh It maximurn availahle
atroke.

10. Tighten the fitting firmly prior to ralaasing the
brake pedal.

11. Repeat Staps B through 8 several times unth
the discharged fluid Is fros of alr bubblies.

12. Repeat Steps 3 through 9 to blesd the
remalning thres brake actuators. Biead in
saquence of tha lahgest to tha shartest cireuit
fram the madulator,

13, Check the travel of the brake padal. ¥ 5 firm
recistance is felt the manusl bleading
procadurs is complate,

M
Page 3p

14,

15.

Chack the fluid level In reservoir and fill i
raquire<t- Replece reservolr cap and disposs of
wsed hrake fluid.

Ramova wheel choska.
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Modulator Assembly Connector Pin Assignment

HARNESE MODULATOR AGSEMBLY
CONNECTOR PNOUT CONNECTOR PRNOUT

baddd
Ehdad
24|52

fievigd O*-I0

1004 H 18
Pin Piny
Numbar Circuit Description. | Numbaer Circuit Description
1 Outist Valve AL 8 Referencs Ground
2 Inlet Valve AL a | eee—e
3 -——=- 10 Outlet Valva AR
i Inlat Valve FR 11 Inlet Velve AR
5 Outlet Valve FR 12, Inlat Yalve FL
8 | |----- 13 Outet Valva FL
r B .

uMm

Paga 31
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m&mmmmmmwmw
componsits for heavy-ouly tnich applicaiions chsding air disc brake rors.
Gemita was tie frst to introduce ventiated disc brake rolors wiich sigrificantly
improved haat dissipation a5 required for appiications o cless 7 and 8 velicles
wmmummmhmmdm fighe-
m&m:uwmmmrumwmmm

This manual provides wou with a mmmpmgamﬁ:rﬁahmbn
and mairenatce of disc brake rotors, By lofliwing the: proper procedires, you
MMWMMMWMMMM
many miles of profitatie, troutia-free service from your Gunie dist braks rofore.

Arqthurdmmlmimmlsmhmmtumnpmpwnpmﬁmn{m
brzking system Al should be indaded In your requiarty schedulad preverniative
mmqmmmmmmammmmm
reatty recuce your per-mio broke maimenenca £os 35 companad 10 Simply reacting bo
brake probisms as they acer,

When following tha Inspection procedures outined In this manual, k k rt necesary to
mmave the rotar, Trnmunpmhmslmhnunmﬂybemmhyﬂm
mmmﬁnammmmﬂmummmmmmmEm
the most comemon proilams eperienced with rotors in the nomel oparstion of the
mm.ﬁmumd&mpﬁmmnmmm
mmmmimmmmmmmm
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CRACKED ROTORS

Braking murface eracka am sean gs radial cracks appearing in the braking surface and

rounding the edge of the rolor at the imite of putside diametsr of the braking surive

Thess cracks are usually caussd by toryue imbalance which shifts a grester share of the

braklng function to only & few of the vehides brakes, The brakes, which 2 prowicing 2

greatar shom of the hraking sction, wil nhwarys b the anes ko show the greater rotar
Tk

mummmmiwmmmmmmﬂmemnm
feplaced, tha cracks will stcalente Inky woar and can aventually progress into the banel
section of the roter and cause separsion of the braking saetion from the mounting

Mhﬂem&dlqlﬂnhﬂImumﬂuhﬁmhhdMgmmum
heumd:edrupmumnmuhalwhnmﬂmm&ﬁnhnqammm

submequant eracking.

: +
P

f.
‘

HEAT-CHECHIN®

Heat-checking |5 the appaarante of numsrous shart, thin, racial of the
braking s.rfaces of the rotor, Heal-chacking is 8 nomal phananena. of the disc bmke
function just #s they are on heske crums.
M{hﬂmkhm&dhhﬂﬁmwnﬂmdmmmm which ocours
uimhﬂnmnpplhdﬂnngmmulupumnnnfﬂuvﬂﬂaHumtenm
dmmlmmmma'ﬂnpafmmnmulmwhgasumaﬂmm
adiunl:mqliadforﬁsmngl.hl. Hemt-checks will Teguently wea awsy and refarm

: mamldhmlﬂmmmmmmm

tepanding on such factory i liningyrator wear rate,
brake systam baknce, and how hard the beakes are Lssd.
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orF New Rorvors

Braks performance ks divectly alfacter by compalibilky of
2ach compenent kn the brale systemn, Dist brake rotors
are crpludly angieared to et the speafic
requiremants of vach Lrake systam, All raplacemant
Jotors must mest the ouality snd perfanmance standarcs
el by the Diakes xyriam manufxtver. By replacing worn
or damiaged rotovs with rotors of equal quaiity, each
braks will perform squally to provide & balanced systern
and mazimum efficiency. In adltion, carm must
be taken Lo prapary mateh the comact brake lining with
the replacament rotor specificatians. Proger metclring of

DI =] BF-'E

If the manufactirer's part number s ot

malable, your parts supyier can st
delammine the correct e for your

appliention if you provida the follawing

miormation, The fist step 5 to Identiéy the
Imzic rotor design, K is efther U - Section”
Maurs A or "Hat Sectian” igurs B. Onea thia
i determined, follow sach of the eight
steps pictured balow Makir carefu! nata of

e R

brake componans silows the braking system 1o operate
elficlently which wil result in meimum stopping
performance, longer serdze (fe betwoen relining and
avoral iower braka meintenance cose

When replacing wamn or demaped rotors, there is certain
information which wil ba required to |demtify the torrect
replacerment robor, When specifylng the eplacement rotor
you will nead to know the menLlfaciure’s pert number
and provide: any other information appaaring on the rotec

the messurements and nformetion.

LRI - ek
T Anl theve ey pechr ieath cast Inig
‘et mtpr?




LATERAL RUN-OUT (WORBLE)

Uising a dfal indicator, a5 shown i the: photo, measure the (sberal uinout or woblle of the
roict The taterel nm-out should not exceed a total indizaioe reading of 020" during one full
revafulian on propesty adhsted wheal besrings. I the Imaral run-ou axsads. 020" total

Inchesor raading, check the mouniting sUrfaces batween the rotar and the wheal of b,

hmmunﬂ.smmnmmaﬂamummum

" RADIAL RUN-OUT

Lising & cial Indicatar, chack the radial TUn=0ut 25 meagsod at the oubide damatar of the
braking surface. The radlal un-out shaukd not exceed 035" total kdicalor reading. ¥ the radin|
rurcut of the nolor exceerts 035%, renlace the rotor,

ROTOR THICKNESS

Rotor thickness should ba checked to maka suve thet the robor thickness meets he
dimensions! tolerance: stamped imto the 7otor cesting. When measuring the thidmess of the
ruta, e thickness should It vary MO than 005" when maesured at scversl points arourxd
the rolor. If e measverment exceeds 05" and tha rotor is within alowahis boleranzes to b
resuriacad, the rotor should? be resurfaced, If 1he rotar is
nat within s allowable tolerancs for reswracing, |
showld be raplaced.

GREASE-STRINED ROTURS

¥ this condition endsts, the brake rators Wi shuw discolonad spats an the braking surface, with
oll and/or prease satisrad an the brake assembly. THis condion s most [kety cousad by a
faxsity ubrication system or improper graasing of the hrake mechanism.

To conect the: probiem, the source of tha greess and/or o must b locatad and necassary
mﬂ:md!mulnmmhm.ﬂanmhmhhﬁamhhmdchmum
component thoroughly, I tha Enings are soaked with off or groase, they must be replaced.

MARTENSITE SPOTTED ROTORS

mmﬂipﬂnhmﬂﬂdb:mﬁmﬂhmwﬁqﬁwmm
har raised arass. ¥ resurfacing wil not remave the haet spots, or iF the rastrfadng reduces the

- Jotor thickness bekew the minkmum recommended tirkness, samped on the ouside

dlernetar of the rotor, the: rotor st be replaced. Braks Kings should be chackad for uneven
weer ari! be repdaced i necessary. '
mmwwwmmmemnmmsmummmm
belncs to restora madimum braking sffickoncy,

SCORED ROTORS

A scored rator ks indicaied by & defined qmoved appearancs on the braking surfcs,

If the deph of the ey sxceeds (N5 and the thickness of the brsking surface en be
resurfaced and stdl rmain within alivweshie tolemnces, thae Ehe rotor shuld ba resuriaced 1o
restore a smoath braking sulscs, The linings should akse be regieced t provide mazimum
traldny efficiency.

NOTE: WHEN RESLRAADING THE ROTOR, THE FINISH OF THE BRAKING SURFACE MUST BE
HELD N2 A 5 MICROMETER (200 ARCRO-NCHE MASSAL




BLUING ROTORS
Ammrwhhhsmmsumufhunglmhummhlemdmmmumm
mmmmmndﬁmmayhewudhjmﬁnmdmmpswhjm
system kmbalancs, Ithmmmhmwmmﬂnmummw
rotor remains within th alkiwable toleranca for operation.

To eamact this probiam the brake systam shouki be checked for proper balaree, The
rotar shilld be checkad to maka sra that the rotor thickness 5 comedt and the
brake reliper should be checked for proper adfustment and clarance,

IF this condlfon is laft urresolved, 1t can resuit In the developitent af & martensite
condilon or cewsa Lhe rotor 10 crack.

POLISHED ROTORS
Ammmmmmmwmﬂmnmmmgm
This prodlem coan oeslly be solved by sunding the braking surtace with 80 g1t emery
choth. I i afsn neceszary to rimnove the ghze fom the fnings st the same tns,
using the 80 grit amery cloth.

¥ the probiam nacurs, the linings should be chacked 1o Make: suTe thet they hawe the
coract fHetion rating.

NCTE: [T IS A RECOMMENDED PROCEDURE TD SAND THE BRAKIVG SURFACE OF
THE ROTOR AT THE TIME OF RELIWING.

WORN ROTORS :

The minimum wom reior thickness |s shown on the cutsida cXarneter of $w rotor
braking section or cast inta the body of the rotor, The minimom dimemsion applies
1 the trom-sactons| mresrainant beavesn the twa braking surfaces of the o,
This measUrsment shoukd be mads il sover! points eround the entire
cicumierance of the rotor, & the thickness of the rotor is batsw the minimum
dimersion” shown on the ratoy tha rotor must be replacad, i there ks s ffident
ihfeknass remainly on the rotor, i may be resurfacad as long as the resulting
thicknss dogs not fall below the minimn thickness requirac,

numwmudmhumamedmmﬂnhﬂmmismmum
0n both braking surfaces. I ane srfacs is worm move than tha gther, the: brake
mhmmmpmmammumwamm
*mmnmmmmmmm

- LINING TRANSFER

Lining mmnsfer ks bdieatad by a thin leyar of lining reterial which hes bororme
welded 1o the rotar breking surface initially the ining deposis will be spoty: how-
aver, 5 1he problem prograszes the kning denosits will be covering more of the
braking safaca. Lining ramfer wil accelerste Bing wear:

mamunmumﬁmmmmmm
wmmmmmmmmmlmme
brakn gysterm numuiuﬂhmumnhnmﬂmmmutlhngm
and rastons a proper brsking surface, The motor th Bfter msuriacing, must not
b below tha minimum thickness samped on the rmotor

CLOGOED OR RESTRICTED VENT HOLES
WHWMMWM;MMHWN
rastriciod varm hles dus ta the eccurnubstion of mud, gravel or other dabris. Such
mﬁbﬂnmmﬂmﬂlnuﬂummﬂemmﬂmmﬂmmﬁﬁg

ramal opsration,
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Dimenstons 3

[ Width " Miran Dissarrvine [
Appiiontions Dtanaley [ ) Aior Eafinishiay Dirnsmalon
Kelswy-Hayes Ar Diac Bmbo-Modd | 15.38 1515 1455 1415
Katoary-Hapess Alr Disc Erake [T 1758 160 1.630
Mockd 11 A LF 111 1750 15 153
Rockwell Alr Dia: Brake—Salid Rotor 14,82 508 =3 7B5
Rextonsl] Al Diac Braioa— 1575 1750 1EM 1530
Vantlizted Rotor 1800 1750 1670 160 |
Kalsay-Hayms TH 24-Alr Ovar Hycraulic Brakos 1562 1750 1810 1530
1500 1435 1365 1.315
Boncl: Hydraulk: Brakes 1538 1535 1455 1415
[re 1.345 1265 1.5
Duytan Hycvewls Brakas 1535 1,535 1,435 1.415
1559 1535 1.455 1415
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mmmmmwhmmw Ireguiar-
Hhshuwmnmunmmmmlhm“n-
mended that the brake system and all componants be
mmmuﬂmmmhmmmm
arE recgived
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Tha lollowing Ust sontains sorme of the more common driver
campiames, their causas and solitions. Mefse Thass conet
mmmﬁmamdbrﬂnmm
Kautions Thi chacklixt con b e i sofa say sperlc
problaim with e rotor secton of the braks sxsombly

n o -

Driver complains that the systam squesls nher the
brakas are sopied

Common Carrse:

Squesling brakse mey be the resuk of ono or mom of e
mmmmmm«w
By fricsion ratings. However, other ca.ises Inciucg whmation i
the Srpemsion o other brike componants.

Eoderion:
ﬂn:khmhr:hn'lmmmm-unumhhhj ]
il indiesior a5 shown on peges 3, I s rotar shows ezcesai
latewal nn-oul, she rotor st ba rapbacad . I the rotor thickrees
MhthMh}mmm
Chack tha brelny wrfoces ko "poishig” es described on peow 4.
Ehmﬂn%mﬁhmﬁ-mm’:ﬂ'

forgixing ¥ bra glaedd, rarmene the gooe
wming 20 Mmmﬂuﬁ ictior rating of the linings. o
Mmmmmmmmdnhﬂqm
ans it manulach sy,
Chack 1o make surs that he Enings am property insiallad and
Sciuted 1o reast brike eton spacification.

Driver Complaint
Driver s of O chailer
Citives:

Foentwan
Roughnoss or chatter i braicinag apnlications he caussd
qmmmﬁmmﬂmwmmm

. (wobbin) of o orackes] rator,

Hodelinn:
Mmmmumm-luﬂ-nmﬂ%d
tha rotar should b checed for unMamnkty in severs’ sress around
the cirumfersnos of B mtor: ¥ i thickie wdes but the
mrﬁltmhmmﬂfumrmmunmmmwwm
hmlhmmhmuvmm

mmmnummm«mm using =
dia] knclicrior a5 shown on pae 3. i e rotor shows, serassivs
iatarsl run-oud, the mokor must be raplecedd. T the rotor thickness
ihnunnmmljmmwmrungﬂ-m
mmmmm:ﬂuﬂh&dmmziuym“
fnund repiace the roior knmediasoly. '
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